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BELOW -220
-220 - -180
-180 - -140
-140 - -100
-100 - -60
-60 - -20
-20 - 20
20 - 60
60 - 100
100 - 140
140 - 180
180 - 220
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-1000 - -818
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-91 - 91
91 - 273
273 - 455
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-500 - -409
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409 - 500
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Ox
T3 tuyau de PE de rayon 8 cm
Oz
Air
Sable
1 m 2 m 6 m5 m
1 m
0 m
1.5 m
O
T1 T2 T3
R
T1 tuyau d’acier de rayon 8 cm
T2 tuyau de fonte de rayon 5 cm
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0 - 100
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BELOW -200
-200 - -164
-164 - -127
-127 - -91
-91 - -55
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W^TMJL] 7zm¢@ª;W^Rd]DYZJL]W^]DYRSU o JLjLTVa IJ o J UdJepj H WFKMaeJl]_{bm^RS]j o JLKMJL]DY|J
     IJj H J~?âAjW^U\jlTVU\J UdJe¦j H W^Kaeq²TVeZzT  JL] 7@x    IJLj H J~@~lDe|W^Tc@J@W o f J^cjW^U\jlTVU\Jpq²TeiDT  Jl] 7M7    IJj H J
~æyâVJLY`j&WFU\jLTcU\J$U  W f qr[^Rd]DY   IJj H JOJL]¨YZR o JLYZexl¢
npo JeZJl]DY|[b]e9W^TeieiR7U  W^Ud@[ o RSY H KMJ f J  4 " zTVRj&W^UdjLTVUdJ9UXWa0[@eiRSYZR\[^] f J	UXWa o [mj H WFRd]J	eZW^TV@JLzW o f J5
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 [^KMKMJ f W^]eU\WOeiJjLYiR\[b]yA¢Öxc f WF]eájJlYZYZJ9aW o YZR\J`[b]_^Wúa o JeiJL]DY|J o zTJLUdDTVJeáTV]JLe f JLeáeiRSKTVUXWFYZR\[^]e
]DTVK J o RdDTVJegJL®0JjlYZT JLJe¢ £ Je f [b]c] JJLe f JerRdKTVU\W^YZRd[b] o JerY|JL]DYORd]j H W^] JLJe IWU  JâkmjJLacYZR\[^] f JU\WYºW^RSUdUdJ
f T K[ f IJlU\J 7UdJ_j&W^UdjLTVU f JU ²JlYºW^YW f qr[bRS]AYJLY f T  o W f RdJL]DY JlYºW^]DY¡aVUSTejL[ °TVY|JlTck¤Jl]¤Y|JlKMaeL[b]¤a o JL] f
TV] f [bKW^Rd]VJ f J'j&WFU\jLTcUáaVUdTVeauJlYZRSY   " F    F ~?c~4âJlY¡auJlT f JaWbe f J_Y|JlKMaVe   & F xM?c~4â¢p­$J
aVUdTVe½[b] fJLjLUXW o J	TV]JgaVUXW^jJ	K JlK[^R o J o W^R\ei[b]V]WF}VU\J  F mJlY9[^];jW^U\jlTVU\J$UdJg]V[bK} o J f J o JLa JlYZRdYiR\[b] f J
j&W^UdjLTVU
& F NMJl] o Jei[bUd^W^]DYU ²JzTW^YiR\[b]E-@lmau[bT o RS]VRdYiRXW^USR\eiJ o U\Je ^W o RXW^}VUdJeáTVYiRdUSR\e JLJeáaW o U  WFU\@[ o RdY H KJ
 Y o JJl@J o eZJ
	 	i¢
n [bT o JLYiT f RdJ o UXW¡eiJL]erRd}VRSUdRdY J f J	UXW[^]jLYiR\[b]V]VJLUdUdJ   7 $  lc[b]WJl®uJLjLYZT JOaVUSTeiRdJLT o e eiRSKTVUXWFYZR\[^]7¢
npo JeiJL]DY|[^]er/JL]TV]VJb¢ t WFaVauJlU\[b]VeáU ²JzTW^YiR\[b] f J	U\W¡[^]jLYiR\[b]V]VJLUdUdJ5
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JLeiY`U\J$YZJLKaeáV]W^U f J o J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  "%$   áJerY½U\Wau[@erRdYiR\[b] f T¨a0[bRd]DY f [b}eiJ o bWFYZR\[^]7
	 !  
 JerY`UdJ	j H W^Ka JlU\JLjLY o R\zTJg[b}eiJ o  J ,JlY[b}VYZJL]DT;aW o U\J o W f W o â
	 ! JerY½UdJ	j H W^Ka JlU\JLjLY o R\zTJgj&WFU\jLTcU Jb¢
n [bT o	o JLa o JeZJl]DY|J o ÕWbjlRdUdJLKMJL]DY9UdJe9^W o RXW^YiR\[b]e f J cuJlY	 J o RSJ o UdJ o W f RdJL]DY&0[b]eZJ o WFK IJl]J IWTV]J
[b]jlYZR\[^] fu TV]VJO^W o RXW^}VUdJL&âJl]RS]AY o [ f TVRde|W^]DY UXW[^]jLYiR\[b] = 
= #&( F 5 7>= D &   $  = D &    -b
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 7>=$  = eZ[b]DYU\JLeaW o W^K IJLY o JLe f TKRdUSR\JlT_Rd]VRSYZR\W^Uu[ IT'U  [^];W¡Jl®uJLjLYZT JOU  [b}VeZJ o ^W^YZRd[b]7
	    $    o JLa o JeiJL]DY|Jl]AY9U\Jeá^W o RXW^YiR\[b]Ve f Je aW o W^K IJLY o JeL¢
£ JOKMRSUdR\JlTRS]VRdYiRXW^UJeiY$j[b]erYZRSYZT J f J¡yMjL[bTj H JLeTV]J f W^R o 0JlY9U  W^TVY o J f Jj[^] f TjlYZRdDRSY J JlU\JLjLY o R\zTJ
][b]M]ATcUdU\J  F NOJLY f J½a0J o KMRSYZYZRSDRdY J JLU\JLjLY o R\zTJ o JlUXW^YiRdbJ 7 F NV¢   $   ei[b]DY f Ja0JLYZRSY|JLe¦a0J o YZT o }W^YZRd[b]e   $   ei[b]DY9]DTVUde`aW o Y|[^TVY9eZW^TVerT o TV]VJújL[bTj H JerRdYiT JJ IWUXW¡a o [b[b] f JlT o = F @¡UXW o @J f J¡{¡K_W^RSUdUdJe¢£ Wg^T o Jg~$KM[b]DY o JáUdJep^W^UdJLT o e f J = JL][b]jlYZR\[^] f J&¼au[^T o &   ? $&~ -¢ 69]auJlTVY¦[b}eiJ o bJ o zTJ`K °JLKMJ
eiRU\JLe¦^W^UdJLT o e f J`UXW	[b]jlYZR\[^]V]JLUSU\J = ei[b]DYa0JLYZRSY|JLezU\JLe¦^W o RXW^YiR\[b]e f T_KMRSUdRdJLTW^aVaW o W^RdeZeiJL]DYjlUXW^R o JlKJl]AY¢
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n [bT o  J o RdJ o U\J¡ o W f R\Jl]DY	j&W^UdjLTVU JaW o U ²JlYºW^YgW f qr[bRd]DYjJlUdTVRjlRJerYújW^U\jlTVU J JzW^UdJLKMJL]DY	aW o f Rd® Jl
o Jl]jJLeúV]VRdJeL¢ £ W'bT o J_y:?'KM[b]DY o J¡U  J oZo JLT oOo JlUXW^YiRdbJ¡JL]DY o JUdJe f JLTckJl]«[b]VjLYZRd[b] f T«aWbe  TVYZRSUdR\e Jau[^T o j&WFU\jLTcU\J o U\J o W f R\Jl]AYMaW o f Rd® J o Jl]jJLe_V]VRdJe¢869]3auJlTVY'jL[b]eiY|W^Y|J o ~4MzTJU  J oZo JLT o JerY'ÕW^Rd}VUdJ
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i~? C*E = au[^T o  F ~? C  luyzTJ¡j  JLeiY$Tc]Jú[b]VjLYZRd[b]jL[b]D@JlkmJ^¢  JLYiY|J[ o KJgaW o YZRdjLTVUSR IJ o JúJLeiY f TJ¡W^TÕW^RdY¦zTJ$zTWF] f   ~? C  UdJ`aWbe f J f R\eij o JLYZRde|W^YiR\[b]MJerYY o [ba o W^] f a0[bT o zTJ`U\J` o W f R\Jl]AYj&WFU\jLTcU J aW of Rd® J o JL]jLJe$V]cR\Je½eZ[bRSY½a o JjlR\eLuJLY9zTJU\[ o eZzTJ  ~? C Q UdJe9J oZo JLT o e f W oZo [b] f RdJe½ÕWFTeZeiJL]DY	U\JOj&W^UdjLTVU-¢n [bT o  }VR\Jl]j H [bR\erR~? C     ~ ? C Q U  J oZo JLT o JLeiYKMRS]VRdKTVK JLY][bY o Jg o W f R\Jl]AYJLeiY^W^UdR fJb¢£ W¤bT o JyA~©JLeiY[b}VY|Jl]DTJ«Jl] eZ[^KMKW^]DYeiT o U\JLe¨a0[bRS]AYZe f JYiR o UdJe¨ o W f R\JL]DYZeaW oo W^aVa0[ o Y IW
7A¢  H WbzTJ§ o W f R\Jl]DY'JerYjW^U\jlTVU JaW o UXWK JlY H [ f J f JU ²JlYºW^YW f qr[bRd]DY'Jl] fJLaVU\Wj&WF]AY'UdJ o W f W o ¢ 6$]
auJlTVY9RS]DY|J o a o JlY|J o jJ o JLeiTVUSYºW^Y½j[bKKMJgUdJú o W f RdJL]DY f JúU\W[b]VjLYZRd[b]j[ °TVY½eZ[bKKMJOerT o YZ[bTe`U\JeYZR o e f Je
[b]jlYZR\[^]ej[ °TVY fJLV]VRdJea o JLj J f JLKKJl]DY&¢  J	a o [Aj J fJúJLeiY`j[^]V]DTJL]eiRdeiKR\zTJ o J  JâkmRd[b]eZ[bTeU\J$]V[bK
f J KMRd o WFYZR\[^]¡W&^W^]DYeZ[bKK_WFYZR\[^]7¢V69]a0JLTVYjL[bKMaW o J o jJ o JLeiTVUSYºW^Y IW9Tc]J KMRd o W^YiR\[b]W^a o&IJeeZ[^KMKW^YZRd[b]Õb[bR o bT o Jy@yâ¢­	W^]VeU\JLe f JlTck¤jWbe[b]b[bRdYW^aVaW o W ° 5 Y o JU\JYZTVh@W^T7KW^RdeOUdJj&WFU\jLTcUaW o KR\ o W^YZRd[b]
W^a o&IJe`eZ[bKK_WFYZR\[^]'JerY`}0J&WFTj[bTcaaVUSTe o W^acR f J^¢
BELOW -3999999983616
-3999999983616 - 0
0 - 3999999983616
3999999983616 - 7999999967232
7999999967232 - 12000000212992
12000000212992 - 15999999934464
15999999934464 - 19999999655936
19999999655936 - 24000000425984
24000000425984 - 28000001196032
28000001196032 - 32000001966080
32000001966080 - 36000000638976
ABOVE36000000638976
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BELOW -40000
-40000 - -32727
-32727 - -25455
-25455 - -18182
-18182 - -10909
-10909 - -3636
-3636 - 3636
3636 - 10909
10909 - 18182
18182 - 25455
25455 - 32727
32727 - 40000
ABOVE 40000
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 JlYZYZJúWF]V]JlkmJ	a o JeZJl]DY|JgU\JeW^eiYZTVjJe`zTVR[b]DY a0J o KR\e f²JLj o R o J	U\Wúa o [Aj J f T o JgY o JLJL@J o eiJJL]¨[ o Y o WF]7¢
 [^KMKMJMUdJM[ o Y o WF]¤]  JLeiY¡aW^e o JLjLT o eiRd`[b] W f [b]j  ½Y o Rdj H J 	 	 JL]  J o W^]DYTc]JÕW^TeieZJ'aVRSU\JJLYJL]
TVYZRSUdRde|W^]DY f JLe Rd]erY o TVjLYZRd[b];¯ 6 G 6¢
C · ¹ ·    "  »    ¼ < 4 » spUdUdJJerY¡JL] ÕW^RSYjL[bKau[@e JJ f JaVUdTVeiR\JlT o eúYºW^}VUdJ&W^TmkuTV]¤a0[bT o
j H WbzTJObW o RXWF}VU\J f J	UXWa o [Aj J f T o Jb¢ G [bTVY f W^}u[ o f  f J	Y|W^}VU\JW^Tck f J f RdKMJL]erR\[b]§~ f JL]DYZRdJ o e 
	 f JlUdYºW Y au[bT o  
	 Y H JLYºW Yca0[bT o 
	 }0JLYºW Y&Va0[bT o 
	 eiRdbKW Y&mau[bT o  
	 a H R Y&ca0[bT o 9
	 a H R ´ Y&Va0[bT o   
	 ´ Y au[bT o  
JL]erTVRdYZJb f J	YºWF}VU\JW^Tck f J f RdKMJL]erR\[b]¨x f J o JLJLU\eáa0[bT o UdJe j H W^Kae 
	 sph Ya0[bT o ! 
	 :k Y a0[bT oL- 
	 :  Y au[bT o -
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n [bT o U\W½ J o J o F[b]¡TVYZRSUdRdeZJ f JLTmk¡j[^KMaVYZJLT o e úDTcRVe  [AjjLTcauJ f JLeYºWF}VU\JW^Tck f JL]DYZRdJ o eJLY
	zTVR
UdTVR@e  [mjLjLTVa0J f Je7YºW^}cU\J&WFTck f J o JJLUde¢Q j H WbzTJW^aVa0JLU o JjlT o erRd -W^aVa0JLU f JY o JLJL@J o eiJ f W^]VeU  WFU\@[ o RdY H KJl
[b]JlKMacRdU\J$UdJe`W^]jlR\Jl]V]Je`^W^U\JlT o e f W^]eU\JLe YºW^}VUdJ&W^Tmk f Jl]DYZR\J o eL[^];U\JLe fJLaVRSU\JOWU\W¡eZ[ o YZR\J f JgU  W^aVa0JLU-¢
£ WaVRSU\J f J o JJlU\eJlUdUdJ$JerY`TcYZRdUSR\e JJ$a0[bT o eiRSKTVUdJ o UdJe [b]jlYZR\[^]e e|W^Tc@J@W o f J o JlY`j H W o bJ o ¢
n [bT o erRdKTcU\J o UXW o JjlT o erRdDRdY Jbc[^]'TVYZRSUdR\eiJ`U  RS]eiY o TjlYZRd[b]¨¯<6 G 6 AJL]ÕW^RSYá[b]_U  TcYZRdUSR\eiJ f JlTck_[^R\eDTV]J
a o JlKMR IJ o JO[bRde au[bT o erRdKTVUdJ o U  W^aVa0JLU IW¡Y o JJLbJ o eZJ¡JLY`TV]JúeZJLj[b] f Jau[^T o ei[ o YiR o f JOU  W^aVa0JLU/¢N69]TVYZRSUdR\eiJ
TV];W^TVY o Jú¯ 6 G 6 a0[bT o ÕW^R o J9U\W}u[^TjLUdJgY|W^]DYzTJb¢
ôô êVU 3W3XX
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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